Abstract-This paper analyzed the potential implementation of renewable hybrid wind/diesel energy system in Pemanggil Island, Malaysia. National Renewable Energy Laboratory's (NREL) HOMER software was used to perform the techno economic feasibility of hybrid wind/diesel energy system. The investigation demonstrated the impact of wind penetration and battery storage on energy production, cost of energy and number of operational hours of diesel generators for the given hybrid configurations. Emphasis has also been placed on percentage fuel savings and reduction in carbon emissions of different hybrid systems. At the end of this paper, suitability of utilizing hybrid wind/diesel energy system over standalone diesel system was discussed mainly based on different wind irradiances and diesel prices.
INTRODUCTION
The oil crisis in 1970s, has initiated the process of diversification from depending on fossil fuels to renewable energy. The issues can be set as a milestone for the researchers whose has made the renewable energy more affordable today. Research and development (R&D) play an important role in promoting and supporting the production of high quality, up to date and relevant output, products and services for citizens, business companies and other organizations. They also play an important role in understanding, explaining, predicting social and economic changes, generating new concepts and frames of interpretation. All the efforts to further improve production processes, to raise the quality standards of products and services and to cut costs through the introduction of new and innovative methods. In response to the issues, Malaysia also supports R&D activities in the public sector on areas that address the need of Malaysia industry for the enhancement of the national socio-economic position. Under the 7th Malaysia Plan (1996 -2000) the allocation for R&D was RM1 billion and has been increased to 1.5 billion in the 8th Malaysia Plan (2001 -2005) . K. Sopian, et. al. has presented the future direction in renewable energy research and development in Malaysia. The present status of renewable energy research and proposed projects and centers of excellence in renewable energy was also presented in [1] .
Since the first wind farm in Malaysia was set up on Pulau Terumbu Layang-Layang off Sabah has been demonstrated with some success and first solar hybrid and wind turbine system in Pulau Perhentian, Terengganu its gives the indication that there is a potential to explore the possibilities renewable energy for others island located at east coast of peninsular. However, the availability of wind resource varies with location. It is necessary to first carry out a general assessment of the wind energy potential nationwide [2] . This paper presents the studies in order to develop the wind/diesel hybrid system in Pemanggil Island, Malaysia.
II. DESCRIPTION OF INPUT PARAMETERS

A. Island Load Profile
Pemanggil Island has a potential to be developed as a resort island since its surrounding waters was gazetted as a Marine Park in 1994 under the Fisheries Act 1985 (Amended 1993) [12] . It is located at cluster of island of Mersing. The journey takes 4 hours by a boat from the Mersing jetty. They are attracted to the white sandy beach and coral garden. Majority of the building in the island are resort with only one fisherman village where the local people live. Before TNB come to the island the villager relied on their own generator. In 2002 TNB installed a 45 kW diesel generator that power the island for 24 hours but it is limited only for the village. The sources is not sufficient to provide 24 hours energy supply to all premises with year 2010 loads and it's also dependable on the availability of the diesel which is delivered every 3 months. The problem arise when the price of diesel rises and the difficulty to obtain and transport the fuel to the island. In line with the National Energy Plan the potential optimizing the usage of renewable energy need to be explored. By introducing the integrated source of energy it is also mean upgrading the existing system and it will lead to cost saving by reducing the usage of diesel and maintenance.
B. User Load
Pemanggil Island consists of residential houses, clinic, police station, school, mosque, shops, chalet and jetties. Based on survey conducted by authors, the population is about 45 peoples with total of 40 premises. Since the tourism industry is increasing, the load profile for the Pemanggil Island is changing. The load requirement changes based on whether condition in the location. The load profile is shown in Fig. 1 . Most of tourist visits on March until October where is the peak is during April and May. This two month is between two monsoon season where it's offers a good whether for diving, snorkeling and cattle fish fishing. Hence, the load also increases during these months. The load is reported to be as usual load during the northeast monsoon seasons.
The differences of the load may encounter during each day, by using the simulation software, 2% of random variability was used. The estimated load simulation is 202 kW/day.
C. Wind Energy Sources
Wind energy is given a lot of attention because of the focus on renewable energy. Recently, wind energy conversion is also given a serious consideration in Malaysia. Since Malaysia lies in the equatorial region and its climate is governed by the monsoons, the potential for wind energy generation in Malaysia is very much depends on the availability of the wind resource that varies with specific location [4] . The Studies done by a group of researcher from Universiti Sains Malaysia (USM) shows that the potential of wind energy in 16 locations [5] . From the data the annual wind speed m/s is around 1.7 to 6.7 m/s. This is illustrated in Figure 2 below. It can be noticed that highest occur during northeast monsoon season and the lowest in between two monsoon seasons. 
III. DESIGN SPECIFICATION
The hybrid Wind/diesel energy system consists of four main components which include wind turbines, a generator, batteries and power conditioning unit (converter) as shown in Fig. 5 . The design specification for each component is provided in the following section.
A. Wind Turbine
The Wind turbine for this project is manufactured by Aelos Wind Energy Ltd. The size of wind turbine is 30 kW and this amount should be enough for the load. For the isolated system the 50% energy penetration to load already considered high. And since the turbine is dependable to the wind speed, the system might have a low generated power. During this period the existing diesel generation will supply the power.
B. Battery and Inverter
The storage battery chosen was Vision 6FM200SHX. These batteries are 12VDc and were configured such that each string consisted of 2 batteries, with a total of 32 strings. The
C. Diesel Generator
The 45kW existing Diesel generator will be utilizing to minimize the cost. Hence the initial cost will not include for the analysis. Since the size of generator is double from the load, any additional or increasing load in the future will not affect the new system.
IV. SIMULATION SOFTWARE
To design of micro power systems and to facilitate the comparison of power generation technologies across a wide range of applications, HOMER software is used. The HOMER Micropower Optimization Model is a computer model developed by the U.S. National Renewable Energy Laboratory (NREL). This tool is able to model a power system's physical behavior and its life-cycle cost, which is the total cost of installing and operating the system over its life span. It also allows the user to compare many different design options based on their technical and economical merits. It also assists in understanding and quantifying the effects of uncertainty or changes in the inputs.
V. RESULTS AND DISCUSSION
The simulation was done by comparison between the use of diesel generators only with current situation in Pemanggil Island and projected situation based on diesel price in year 2014. The use of Diesel system with and battery, and the use of hybrid Wind/diesel/battery system are simulated.
For the current situation the diesel is delivered every 3 months as amount of 10,000 Liter each trip. Total per year that diesel is delivered is 40,000 Liter. For the current price of diesel it is cost around $0.84/L. One of the issue that reported to author is the consumer always experience no electricity due to insufficient of diesel and it takes about one or two weeks to get back the electricity. The current simulation was developed as shown in figure 6 . The initial cost is zero because of the diesel generator is already available in that place. For this current situation the cost of energy (COE) is $1.008kW/h. From the simulation shown that amount of diesel that required per year is 61,950 Liter. Hence, it is suggested that the delivery for the diesel shown be revised in order to meet the demand. The most economical strategy is every premise should have small generator. It will save $18,438 per year for the utility company. The net present cost (NPC) for this current situation is $926,737. For the forecast situation, the simulation was considered two types of system, i.e. diesel with battery system and hybrid Wind/diesel system. The diesel price is based on year 2014 and the total of 40,000 liters of diesel is simulated.
A. Diesel with Battery System
The configuration of diesel with battery system allows the diesel generator to charge the battery and when battery is full charge the converter will in operation to supply the electricity to the system. From this simulation, the fuel consumption for diesel generator is 34,614 liters and operated for 2,378 hrs. With this configuration the diesel consumption was saved to 5,386 liters. The battery system simulation data is as shown in Fig. 7 . For the configuration diesel with the battery system, the generator required to start about 978 times per years. The total cost of energy for this configuration is about $0.724 kW/h. It is shown that this configuration is able to reduce the consumption of diesel and the COE. For this system the total of NPC is about $682,404. By integrating the existing system with the battery system with the inverter the cost of electricity can be reduced.
B. Hybrid Wind/Diesel System
For hybrid system in Pemanggil Island, the system was developed as shown in Fig. 9 . The simulation process for these models is in multi configuration system, which means that the simulation was done to determine the best possible system configuration. Finding the optimal system configuration involved deciding on the mix of components that the system should contain, the size or quantity of each component. By using Homer software this exercise easily can be done and result was shown in optimization results interface. For the hybrid system in Pemanggil Island, the best option is by using two 30kW wind turbine generator, 40 kW Converter ,total of 64 batteries each battery is 12VDc which is formulate to be 24VDc and the existing 45kW Diesel Generator as shown in Fig. 10 . Even though Homer suggested the optimize system by using only one wind turbine, by considering the growth in Pemanggil Island to be a tourism island, two wind turbine generator system are the best system for the Pemanggil Island.
By having these two wind turbine generator the continuous electric supply from the renewable energy can be achieve even though one of wind turbine generator is under maintenance or out from service. The penetration of renewable energy for hybrid system around the world is about 11-20% [9] . For this hybrid system it shows that the penetration of renewable energy is more that 50%. The electricity production by renewable energy for Pemanggil Island is 61% or 80,291 kWh/year as shown in Fig. 11 . Since the wind turbine are dependable on wind speed, in April, May and October the electricity mostly generated by diesel generator, this is because the wind speed are not sufficient enough to drive the turbine. However during monsoon season the wind generator can supply almost 95% electricity to cater the load demand. The total consumption diesel for a year is 16,994 liters, which is it is save $23,466.12 per year if the diesel price is $1.02. The total net present cost for the proposed system is $645,838 and the cost of electricity is $0.686/kWh. The tariff of electricity for domestic usage in mainland is RM 0.218/kWh [10] or $0.068kWh ($1 = RM 3.2) compared to the cost of electricity $0.686/kWh that produce at Pemanggil Island. This shows that the electricity that generated at Pemanggil Island by using renewable energy is higher than the utility sell to their customer. Even though it is higher, the technology has shows that the capability to generate the electricity for rural area.
A challenge that when design the renewable energy system it is often confronts with uncertainty in key variables. By using sensitivity analysis application in HOMER, it helps to understand the effects of uncertainty and make good design decisions despite uncertainty. In performing this analysis, the price of diesel fuel would be $1.02 per liter over the 25-year project lifetime. Fig. 12 shows the appropriate system implementation under different wind speed and diesel price. The use of the standalone diesel system is actually not the cheapest at all. But the choice of the hybrid wind/diesel system is only feasible if the diesel price is more than $1.02 per liter and with the condition that the wind speed is above 3 m/s. Another factor that increases the use of renewable energy in the world is because of the energy sources from the hydrocarbon cause side effect to the world. In 1997, the Kyoto Protocol was adopted, calling for stronger action in reducing Green House Gas (GHG) emission in the post 2000 period. Under the protocol, developed countries have a legally binding commitment to reduce their collective emissions of six greenhouse gases by at least 5% based on the 1990 levels by the period 2008 to 2012 [11] . By using the Homer the emissions of pollutant gasses also able to calculate. For this system the carbon dioxide produced is 44,751 kg/year compared to the current situation which is 163,134 kg/year as shown in Figure 13 . It is shown that introducing the renewable energy will reduce the pollutant gas emission.
VI. CONCLUSION
The potential of hybrid wind/diesel energy system has been analyzed. At this stage the hybrid system of Wind/Diesel is not to replace the diesel generator but to minimize the usage of diesel as a source of electricity. The turbine is designed to harness the wind on Pemanggil Island as efficient as possible. As March is the end of the North East monsoon season when most of the wind flow in the island, it is clear that the potential of the wind energy can be further explored in this region. It can be noticed that the highest wind speed occurs during northeast monsoon season and the lowest is in between two monsoon seasons.
